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Abstract 
This paper addresses the design, simulation and experimental validation  of a Permanent-Magnet Synchronous 
Motor speed control. The control is based on the passivity strategy; special attention is paid on the stability 
control issue. SIMNON simulations illustrating the torque and speed response of the motor control are carried  
out to validate the control strategy. The algorithm control was programmed on a Texas Instruments 
TMS320F28335 Digital Signal Controller. Experimental results validating the control strategy are illustrated 
and analyzed.  
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Global 
Science and Technology Forum Pte Ltd 
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1. Introduction 
Permanent Magnet Motors are gaining interest on industrial and t ransport applications due mainly  to the 
fact that these motors own high power densities and efficiencies. Permanent Magnet brushless DC motors are 
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preferred in those applications where the high ripple torque of these motors is not an inconvenient and the 
simplicity to control it is an advantage. The Permanent Magnet Synchronous Motor (PMSM) is preferred in  
applications where h igh performance control is needed. The cost of the PM motors and Dig ital Signal 
Controllers (DSC) are decreasing continuously doing these motors attractive for high performance and 
efficiency applications [1]. 
 
Field Oriented Control (FOC) and Direct Torque Control (DTC) are two control strategies used to control 
these motors. In the FOC the motor equations are transformed to a coordinate system which is rotating 
synchronously with the permanent magnet flux. By  means of the t ransformat ion the flux and torque equations 
are separated which allows controlling the flux and torque separately by using PI controllers for currents 
resulting in a control similar to a brushed DC motor control [2]. On the other hand DTC strategy is based on 
selecting voltage vectors that are applied to the motor stator; the vector selected depends on the error between  
the reference and measured torques and the reference and estimated fluxes [3]. An advantage of the DTC is 
that it needs the stator resistance as the only motor parameter. 
 
Passivity concept has gained importance in many control areas [4]. Passivity was used originally  in  
classical mechanics problems and then it was  extended to control problems [5]. Passivity-based control with  
energy molding for induction motors was carried out in [6]. The passivity-based control for PMSM was 
carried  out by Qjo [7]. Achour [8] proposed to use the magnetic fluxes as the state variables instead of the 
currents for a PMSM. In the work presented in this paper the passivity-based control signal is calcu lated 
according to Linares [9]. SIMNON simulations were carried out to validate the passivity model then the 
algorithm was programmed on a Texas Instruments Digital Signal Controller  TMS320F28335 to validate 
experimentally the motor speed control.  
 
Passive systems are dynamic systems where the energy exchange is a key concept. Two functions are 
needed to define the passivity: the rate at which the energy flows towards the system and the amount of energy 
stored in the system, These functions are related by means of the dissipative inequality which states that the 
trajectories of the dissipative system of the supply is not less that the increment in the storage. That mean s that 
it is not possible to store more energy than that supplied by the power supply. 
 
The passivity-based control is implemented on two  stages. The first stage is the energy mold ing in  which a 
new potential energy function with a unique minimum equilibrium point is generated, on the second stage a 
damping characteristic is added to modify the dissipation function to guarantee asymptotic stability. The 
resultant control law is a proportional-derivative controller. The control strategy used to control the motor 
speed uses the feedback of the passive error output. Essentially  it  is  a linear controller for a nonlinear system, 
which is based on the storage of the total energy of the system to d issipate it then by means of the feedback of 
the passive output, which makes the system to lose energy resulting in a way  to regulate the physical variab les 
of the motor to the reference values [9].   
 
2. Motor Model 
The stator winding of a PMSM is similar to that of an induction motor. According to the way  the 
permanent magnets are fitted in  the rotor the motors are classified  in  two types: Interior Permanent Magnet 
Synchronous Motor (IPMSM) and Surface Permanent Magnet Synchronous Motor (SPMSM). The first type 
of motors is sturdy and is ideal for high speed applications. The second type of motor has the magnets 
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mounted on the surface of the rotor resulting in a motor with rad ial flux and airgap reluctance nondependent 
of the rotor position. 
Similar to an  induction motor the PMSM stator have three coils spatially  separated by 120° each other, the 
coils are supplied with a three-phase voltage. The resulting phase currents depend on the self inductance and 
resistance of each coil and the coupling fluxes among the coils and the permanent magnet flux. The analytic 
model of a PMSM is complex if it is worked out in the static three-phase reference frame; nonetheless the 
model is simplified if Clark and Park transformations are applied. The   (Clark) transformation transforms a 
three-phase static system into a two-phase static system. The dq (Park) transformation transforms a three-
phase static system into a two-phase rotating system, the two-phase axis rotate at the rotor speed.  
 
The PMSM dq model is comprised by two differential equations (1) where Vd, Vq, id and iq are the voltages 
and currents on the dq reference axis, Ld and Lq are the inductances, R the stator resistance, PM is the 
magnitude of the permanent magnet flux and r the electrical speed of the rotor [10]. 
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The mechanical response of the motor is modeled by the differential equation (2) where e is the 
electromagnetic torque of the motor, TL is the load torque, b the friction coefficient, J  the rotor inertia constant 
and P the pole-pair number. The electromagnetic torque e is calculated by using equation (3), for a SPMSM 
the electromagnetic torque is proportional to the iq current. 
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The relationship between the mechanical speed r in rpm and the electrical speed is rpm = (30 r)/(P ). 
Substituting equation (3) into (2) the mechanical equation becomes: 
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In order to be able of applying passivity strategy the PMSM model must be converted to a state-space 
representation where the state vector is   X=[id iq r]. The characteristic state equation of a passive system is 
given in (5) where A is a symmetric, positive defin ite, constant, matrix,   u=[Vd Vq]T is the input-matrix control, 
J(u)  is a skew symmetric matrix, R  is the losses matrix and   is the disturbance vector.  
                             BuRXXJXA u   (5) 
218   F.H. Ramírez-Leyva et al. /  Procedia Technology  7 ( 2013 )  215 – 222 
Simple inspection of eqns. (1) and (4) reveal that these are already in state variables representation as shown 
in eqn. (6). J (u)  and R matrices must fulfill the equations  JT(u)= J(u)  and  RT=R   to guarantee that the 
system is controllable by passivity. The PMSM system fulfills these conditions resulting in a system that can 
be controlled by passivity. 
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To apply passivity a new system which is a copy of the original system must be defined as shown in eqn. 
(7) where X* are the desired state variables and u* the desired input. 
                  ***** BuRXXJXA u   (7) 
Substracting eqn. (5) from (6) results in eqn. (8), where  e = X - X* and eu = u - u*. 
eJBeReXJJeA ** uuu u   (8) 
With the aim of linearizing eqn. (8) J(u) is linearized by Taylor series as follows: 
                           *
*
u
u
uuu e
u
JJJ   (9) 
As J(u) is a constant matrix its part ial derivative is zero. By substituting this result in eqn. (8) the resultant 
equation is: 
                        * eJBeReeA uu   (10) 
To demonstrate the stability of eqn. (10) the second Lyapunov principle is used. The Lyapunov candidate 
function proposed is the positive defined function V(e)=(1/2)eTAe . Taking the derivative with respect to the 
time we get eqn. (11). 
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   * eJeBeeReeeAee uV Tu
TTT   (11) 
If eu = - BTe and accounting for the fact that eTJ(u*) is nonsymmetrical then eTJ(u*)e = 0, substituting this 
result in eqn. (11): 
                             eBBRee TTV   (12) 
To make V  negative defined the inequality [R+B BT]>0 has to be fulfilled which guarantees the controller 
stability. To find the control law it is assumed that eu = u - u*=- BTe, whence equation (13) is derived. Finally  
the control law u = u*- BTe can be derived as shown in eqn. (14). 
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The desired values for Vd*, Vq*, id* and iq* can be gotten from the system equilibrium point ( 0X ) 
given by eqn. (13) resulting in the following equation. 
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Taking into account the fact that to get the maximum motor torque id*= 0 and solving for Vd*, Vq* and iq*  
we get the desired values. Substituting eqn. (16) into eqn. (14) the control law is gotten. 
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3. Simnon simulation 
Simnon simulations were carried out to test the passivity controller. The inputs to the controller are 
reference speed and load torque, those inputs are used to calculate currents and voltages by using eqn. (16) 
and the control law is calcu lated by using eqn. (14). The controller tuning is done varying the gains 1 y 2  
(must be positive) until the best response is achieved. The outputs of the controller are the Vd y Vq, voltages 
then the power inverter convert them to a three-phase voltage (Va, Vb y Vc,). The a and b motor phase currents 
are measured meanwhile c phase current is calculated assuming that the motor is a balanced system. The 
controller was programmed in a discrete time file and the plant in a continuous time file.  The sampling time 
used was of 10 s. The motor parameters are shown in table I.  
 
Simulation results are illustrated in Fig. 1, the reference speed is ref = +1000rpm and the speed response is 
rpm. The response time is of 60ms only. The steady state speed error is of 10 rpm and 130 rpm which is less 
than 13%. The controller gains used were 1= 1 y 2=30. Fig. 1(b) illustrates the electromagnetic torque and 
the load torque. Even that TL=0, e es non null because the motor needs to cope with the frict ion losses which 
for steady state are of  e =0.4Nm.  
Table I. Motor parameters 
Parameter Value 
Bus voltage VDC 180V 
Pole pair P 4  
PM 0.0256 Wb 
Inertia constant J 0.000031 kg/m2 
Resistance R  
d inductance Ld 0.0065H 
q inductance Lq 0.0065 H 
Viscous friction B 0.0038 Ns 
 
 
  
Fig. 1. Simulation results. (a) Speed response ( rpm), (b) electromagnetic torque (Te) 
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4. Experimental validation 
Experimental validation was carried out by using a Power Electronics Texas Instruments system comprised 
of a 350V, 750W three-phase inverter; sensored-phase current and voltage, quadrature encoder interface,  85-
132 VAC rect ifier, USB isolated interface, PWM output and over current protection. Fig. 2 illustrates a block 
diagram of the system [11]. 
 
A Texas Instruments TMS320F28335 DSC was used to implement the control strategy. The DSC has a 
processing speed of 150 MIPs. It is able to implement 32 bit fixed-point operations and IEEE-754 format  
floating-point operations. By  means of a JTAG interface it  is capable  to connect with a computer in  such a 
way that it can modify  the DSC registers without any delay. It  has 12 analog inputs and 6 PWM 
complementary outputs and a dead time generator. It also has 32kWords of RAM and 256kWords of flash 
memory. 
 
Fig. 3(a) illustrates the experimental motor speed for positive and negative speed reference values. The 
200 samples/s were captured during 10 s.  
At the current stage of the project the torque-reference value needed to get the speed value desired is loaded in  
the program, nor torque measurements neither torque observers have been used yet. The reference speed is 
+1000rpm and null load-torque. As illustrated in Fig. 3(a) the experimental steady-state positive and negative 
speed values are 940rpm and -984rpm being the error less than 6%. 
 
Fig. 3(b) illustrates the experimental waveforms for alpha and beta currents which are sinusoidal of 0.2A  
and a phase shift of 90º as expected. 
 
 
Fig. 2. (a) Block diagram of the TI system 
5. Conclusions 
This paper addressed the design, simulation and experimental validation of a passivity-based PMSM control. 
Stability of the controller was analyzed. Simnon simulat ions were carried out to validate the controller design. 
Experimental validation was carried out using a TI systems and the control strategy was programmed on a 
DSC. Passivity control is a  strategy which is easy to program as it is reduced to an algebraic equation. The 
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main drawback of the strategy is that it needs of a load torque sensor or an observer which has to be 
programmed in the DSC. The aim for future work is to include varying load-torque which implies to use 
observers for the load torque besides an electrodynamometer will be built to test the control.  
 
 
 
  
Fig. 3. (a) Experimental speed response; (b) Alfa beta currents 
References 
[1] 
Falls, Ontario, Canada, p. 1573. 
[2] -SVM) of Inverter-Fed 
Permanent Magnet Synchronous Motor Drive, Doctoral Thesis, Warszawa, 2005, Warsaw University Of  Technology. 
[3] L. Zhong, M. F. Rahman, W.Y. Hu & K. W. Lim, 1997. Analysis of Direct Torque Control in Permanent Magnet 
Synchronous Motro Drives. IEEE Transactions on Power Electrónics, Vol. 12, No. 3,  
[4] R. Ortega 1998. Passivity-based Control of Euler-Lagrange Systems: Mechanical, Electrical, and Electromechanical 
Applications. Communications and Control Engineering. Springer. 
[5] Takegaki M, Arimoto S. A new feedback for dynamic control of manipulators. ASME Journal of Dynamic Systems 
Measurements Control 1981;102:119_25. 
[6] Ortega R, Espinoza-Pérez G. Passivity-based control with simultaneous energy-shaping and damping injection: The 
induction motor case study. In: Proceedings of 16th IFAC world congress. Proceeding in CD, Track.We-E20-TO/3. 2005 p. 
6. 
[7] Qiu J, Zhao G. PMSM control with port -controlled Hamiltonian theory. In: Proceedings of 1st international conference on 
innovative computing, information and control. vol. 3. 2006. p. 275_8. 
[8] Y. Achour, B. mendil, S. Bacha, I. Munteanu. Passivity-based current controller design for a permanent-magnet 
synchronous motor. ISA transactions 48 2009; 336-346. 
[9] Linares-Flores, J., Sira-Ramírez, H., Yescas-Mendoza, E. and Vásquez-Sanjuan, J. J. 2011. A comparison between the 
algebraic and the reduced order observer approaches for on-line load torque estimation in a unit power factor rectifier-DC 
motor system. Asian Journal of Control, 13: n/a. doi: 10.1002/asjc.234. 
[10] Lixin Tang, Limin Zhong, Muhammed Fazlur Rahman, Yuwen Hu. A Novel Direct Torque Control for Interior Permanent -
Magnet Synchronous Machine Drive With Low Ripple in Torque and Flux A Speed-Sensorless Approach. IEEE 
TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 39, NO. 6, 2003.  
[11] Texas Instruments 2010. "High Voltage Motor Control and PFC Kit Hardware Reference Guide", C2000 System s and 
Applications Team. 
 
